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Abstract: To date, a variety of plant compounds have been studied extensively with regard to anti-mutagenic, anticarcinogenic, and anti-genotoxic activity. Nevertheless, very few of them have been studied in terms of clastogenicity. In
the present study the clastogenic activity of curcumin (the active component of turmeric) and aloin (the active component
of aloe) was evaluated at doses of 5, 10, 20, 30, 50, and 100 μg/mL for 4, 8, and 12 h. Both curcumin and aloin had
significant dose- and time-dependent clastogenic effects on the test plant system (Allium cepa L.). Compared to curcumin,
aloin was more clastogenic. Clastogenic activity was obvious at very low concentrations of curcumin and aloin at all time
points. The mitotic index was significantly lower at higher concentrations; however, the exact mechanism of curcumin
and aloin clastogenicity remains unknown in plant test systems.
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Allium cepa L. türünün kök meristem hücrelerinde kursumin ve aloin ile oluşturulan
kromozom anormallikleri
Özet: Bugüne hadar, çeşitli bitki bileşikleri anti-mutajenik, anti-karsinojenik ve anti-genotoksik aktivite ile ilgili kapsamlı
bir biçimde çalışılmıştır. Buna rağmen, klastogenisiti bakımından bunların pek azı çalışılmıştır. Bu çalışmada, kursumin
(aktif zerdeçal bileşiği) ve aloinin (aktif aloe bileşiği) klastogenik aktivitesi 4, 8, 12 saatler için 5, 10, 20, 30, 50 ve 100 μg/mL
dozlarda değerlendirilmiştir. Hem kursumin hemde aloin bitki test sistemlerinde (Allium cepa L.) zamana ve doza bağlı
klastogenik etkilere sahiptir. Aloin kursumine kıyasla daha klastogenikdir. Klastogenik aktivite, tüm zaman noktalarında
kursumin ve aloinin çok düşük konsantrasyonlarında belirgindir. Mitotik indeks daha yüksek konsantrasyonlarda önemli
derecede daha düşüktür. Ancak kursumin ve aloinin tam klastogenisiti mekanizması bitki test sistemlerinde bilinmez.
Anahtar sözcükler: Kursumin, aloin, klastogenisiti, mitotik indeks, L.

Introduction
There has been considerable public and scientific
interest in the use of phytochemicals throughout
human history. Curcumin, the active component of
turmeric, is commonly used as a coloring agent in

foods, drugs, and cosmetics. Curcuma spp. contain
turmerin (a water-soluble peptide), essential oils (such
as turmerones, atlantones, and zingiberene), and
curcuminoids, including curcumin [1,7-bis-(4hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5145
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dione]. Curcumin (diferuloylmethane) is a low
molecular weight polyphenol that was first chemically
characterized in 1910, and is generally regarded as the
most active component of turmeric, comprising 2%8% of most turmeric preparations (1).

code 1415-73-2) (molecular weight: 418.39) (Figures
1 and 2) were obtained from Sigma Aldrich Co., USA,
whereas the other chemicals used in this study were
obtained from Hi-Media Laboratories, Mumbai,
India.

Curcumin has an empirical formula of C21H22O6
(molecular weight: 368.28) and during the past 3
decades has been the subject of hundreds of published
studies concerning its antioxidant, anti-inflammatory,
cancer
chemopreventive,
and
potentially
chemotherapeutic properties. The pharmacology and
putative anti-cancer properties of curcumin have been
the subjects of several review articles published after
1991 (2-6). Aloin, a natural anthraquinone of the aloe
plant, has an empirical formula of C21H22O9 (molecular
weight: 418.39). It has long been used as a traditional
medicine and in the formulation of such retail products
as laxatives, dietary supplements, and cosmetics (7).
Curcumin has antidiabetic (8-10), antioxidant (11,12),
antiviral, and antitumor effects (13).

Four bulbs per concentration were used. The bulbs
were placed on a glass receptacle containing distilled
water and allowed to germinate at room temperature
(25 ± 2 °C) in darkness. As soon as the roots were
about 2-4 cm long they were treated with different
concentrations of curcumin and aloin (5, 10, 20, 30,
50, and 100 μg/mL) for 4, 8, and 12 h. After the
treatment the bulbs were treated with a 0.05% solution
of colchicine for 3 h, and then were fixed in methanolacetic acid fixative. About 4 root tips were hydrolyzed
at 58 °C for 10 min. The Feulgen technique was used
for squashing (15,16). In the control groups Allium
cepa L. bulbs were treated with a 0.05% solution of
colchicine for 3 h, and then were fixed in methanolacetic acid fixative.

During the past few decades the pharmaceutical
industry began isolating the active components of
medicinal plants, but few of them were tested for toxic
effects. The present study aimed to investigate the
effects of curcumin and aloin on Allium cepa L. root
meristem cells at concentrations of 5, 10, 20, 30, 50,
and 100 μg/mL for 4, 8, and 12 h.
Materials and methods
Allium cepa L. root tip cells were used as the test
system, as the Allium root tip chromosome aberration
assay is highly sensitive and capable of detecting
mutagens, carcinogens, and clastogens from the
environment, and is an effective in situ monitor (14).
Curcumin (C1386 and CAS code 458-37-7)
(molecular weight: 368.28) and aloin (B6906 and CAS

For each concentration 400 well-spread metaphase
cells were scored for chromosomal aberrations and
4000 cells were scored on the mitotic index (MI). The
number of cells in mitotic division was scored and the
MI was calculated as the number of dividing cells per
total cells counted. Cytological abnormalities, such as
break, gap, exchange, multiple breaks, and
chromosome fragments, were scored. The
significance of the number of aberrations, abnormal
metaphases, and the MI was analyzed using analysis
of variance (ANOVA). Linear regression analysis was
used to study the relationship between each
concentration and the number of chromosomal
aberrations induced. Statistical computations were
performed using SPSS v.11.0 (SPSS, Chicago, IL,
USA).
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Figure 1. Structure of aloin.
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Figure 2. Structure of curcumin.
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multiple breaks (at higher concentrations). Gaps
were observed only in response to curcumin,
whereas sticky chromosomes were noted only in
response to aloin. Break and multiple breaks, which
were the most remarkable aberrations, increased in
a dose-dependent manner at both time points,
whereas the other aberrations were not dose
dependent. The frequency of chromosome breaks
was higher than that of the other types of
abnormalities at all doses of curcumin and aloin.
Extensive gaps, chromosome fragments, and
exchanges appeared at doses above 20 μg/mL at all
treatment hours. The percentage of clastogenicity
was higher at doses above 30 μg/mL for curcumin
and above 50 μg/mL for aloin.

Results
There was a statistically significant difference in
the frequency of chromosomal aberrations between
the control and treatment groups (Tables 1 and 2,
Figures 3-6). The observed increase in the number
of abnormalities was dose dependent. The linear
regression analysis method of determining the P
value (R2) represents rejection of the null hypothesis
and indicates that the increase in aberrations was
dose dependent (Tables 3 and 4). The frequency of
chromosomal aberrations increased as the
concentration increased and the differences
between the treatment and control groups were
obvious. The most frequent aberrations induced by
both compounds were break, fragment, and

Table 1. Distribution of the different chromosomal aberrations in 400 cells analyzed per group of treatment and MI observed in Allium
cepa root tip cells after curcumin treatment.

Conc.
(μg/mL)

MI:
Mean ± SE

AM
(Mean)

Break
(Mean)

C.Frag.
(Mean)

Control
5
10
20
30
50
100

10.42 ± 1.64
8.96 ± 1.87*
6.55 ± 1.81*
5.88 ± 0.62*
5.65 ± 2.47*
5.27 ± 1.63*
5.55 ± 2.89*

3.25
6.75
8.75
9.50
17.50
25.25
36.25

1.25
4.25
6.00
4.50
18.25
21.00
28.75

0
1.50
2.00
3.00
3.25
3.25
5.50

Control
5
10
20
30
50
100

10.67 ± 0.75
10.23 ± 2.75*
10.92 ± 1.15
8.98 ± 2.16*
7.51 ± 2.38*
6.43 ± 3.41*
5.35 ± 1.25*

4.25
5.50
6.00
12.00
23.50
49.25
44.75

1.75
2.50
2.75
6.50
19.00
30.25
27.25

1.25
1.75
2.25
1.75
2.25
3.75
8.10

Control
5
10
20
30
50
100

11.58 ± 1.25
7.36 ± 2.06*
6.04 ± 2.16*
6.95 ± 2.58*
6.95 ± 2.58*
5.96 ± 3.65*
5.33 ± 2.06*

4.25
10.25
9.75
11.25
19.75
49.00
58.00

2.00
5.75
4.50
4.75
11.75
31.00
38.00

1.25
1.25
1.25
3.50
3.50
10.50
12.50

Gap
(Mean)

Exchange
(Mean)

Multiple
Breaks
(Mean)

Total:
Mean ± SE
(- Gap)

1.75
1.25
1.25
0.75
2.25
6.75
4.50

0.25
0.50
0.50
2.25
1.50
2.25
4.25

0
0
0
0
2.00
3.00
6.25

1.50 ± 0.59
6.25 ± 1.89*
8.50 ± 2.71*b
9.75 ± 1.87*
25.00 ± 8.03*a
29.50 ± 9.09*a
44.75 ± 11.73*b

0.75
3.25
2.50
3.25
2.50
3.25
6.25

0.25
0.25
1.25
2.25
2.25
9.25
8.50

0
0
0
0
1.50
4.25
9.50

3.25 ± 0.82
4.50 ± 1.19*
6.25 ± 1.21*
10.50 ± 2.75*a
25.00 ± 8.50*a
47.5 ± 12.49*a
53.35 ± 9.29*

0.75
0.25
2.25
1.75
4.75
4.25
6.75

0.25
3.25
3.25
2.25
4.50
4.50
7.50

0
0
0
0
2.25
10.00
11.75

3.50 ± 0.92
10.25 ± 2.51*
9.00 ± 2.01*
10.50 ± 2.02*
22.00 ± 4.26*a
56.0 ± 11.65*a
69.75 ± 13.88*b

4h

8h

12 h

*
Statistically significant when compared with untreated control.
Statistically significant at P < Value, a = 0.005, b = 0.05 when compared with previous concentration.
Conc. – Concentration, MI - Mitotic Index, AM - Abnormal Metaphase, C.Frag. – Fragment.
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Table 2. Distribution of the different chromosomal aberrations in 400 cells analyzed per group of treatment and MI observed in Allium
cepa root tip cells after aloin treatment.

Conc.
(μg/mL)

MI:
Mean ± SE

AM
(Mean)

Break
(Mean)

C.Frag.
(Mean)

Control
5
10
20
30
50
100

13.39 ± 2.27
13.02 ± 1.54*
11.90 ± 3.36*
12.64 ± 0.88*
9.83 ± 3.11*
10.44 ± 2.55*
8.24 ± 4.25*

4.00
7.25
11.75
15.25
27.50
36.25
39.00

1.75
2.50
6.75
11.00
20.25
14.75
15.00

0.75
2.25
4.50
5.25
6.50
4.00
5.00

Control
5
10
20
30
50
100

14.32 ± 3.29
12.28 ± 1.18*
11.23 ± 2.22*
11.08 ± 1.82*
11.86 ± 1.29*
10.92 ± 1.15*
9.01 ± 4.99*

5.50
11.50
19.25
23.00
28.50
38.00
44.75

1.75
6.00
10.50
12.00
16.50
23.25
27.25

1.50
2.75
4.50
5.50
6.00
5.25
8.10

Control
5
10
20
30
50
100

15.58 ± 1.74
13.42 ± 1.71*
12.91 ± 1.41*
11.09 ± 2.21*
9.25 ± 2.88*
8.53 ± 3.55*
6.05 ± 4.64*

5.00
14.75
20.25
28.25
44.00
62.00
80.50

2.25
8.00
11.75
15.00
21.50
34.00
60.00

0.75
4.75
4.50
7.25
10.50
12.50
14.75

Gap
(Mean)

Exchange
(Mean)

Multiple
Breaks
(Mean)

Total:
Mean ± SE
(- Gap)

1.75
2.00
3.00
1.75
2.75
8.50
9.00

0
2.00
3.00
1.75
3.00
8.25
8.25

0
1.50
1.50
2.00
3.25
14.00
15.50

4.25 ± 0.95
10.25 ± 0.62*
18.75 ± 1.63*a
21.75 ± 2.06*
35.75 ± 2.87*a
49.50 ± 8.35*a
54.25 ± 5.39*

1.50
2.00
4.50
3.25
2.75
3.00
6.25

0.75
1.25
2.75
4.25
3.50
3.00
8.50

0
0
0
0
2.75
5.75
9.50

5.50 ± 2.08
12.00 ± 1.82*
22.25 ± 1.71*a
25.75 ± 2.21*b
32.50 ± 3.42*a
40.25 ± 7.25*a
59.35 ± 6.55*a

1.75
2.25
3.25
3.75
3.00
4.25
9.50

0.25
4.25
5.25
4.75
4.25
4.50
10.25

0
0
0
2.25
8.50
13.00
19.00

5.00 ± 0.81
19.25 ± 1.70*
24.75 ± 2.50*b
33.00 ± 2.16*a
47.75 ± 4.64*a
68.25 ± 4.99*a
113.5 ± 7.14*a

4h

8h

12 h

*

Statistically significant when compared with untreated control.
Statistically significant at P < Value, a = 0.005, b = 0.05 when compared with previous concentration.
Conc. – Concentration, MI - Mitotic Index, AM - Abnormal Metaphase, C.Frag. – Fragment.
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Figure 3. Genotoxicity action of curcumin.
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Figure 5. Effect of curcumin on mitotic index.

Figure 6. Effect of aloin on mitotic index.

Table 3. Linear regression analysis results of chromosomal
aberrations in Allium cepa root meristem cells after
curcumin treatment at 4, 8, and 12 h.

Table 4. Linear regression analysis results of chromosomal
aberrations in Allium cepa root meristem cells after
aloin treatment at 4, 8, and 12 h.

Coefficients
R2 value

4h

8h

12 h

Coefficients

0.927

0.896

0.871

R2 value

Both chemicals significantly decreased the MI, as
compared with the respective controls. The decrease
in the MI was dose dependent in response to both
compounds. A reduction in the MI of nearly 50% was
observed in response to curcumin and aloin,
especially at higher concentrations (50 μg/mL) for 12
h. The reduction in the MI was significant in response
to curcumin doses above 20 μg/mL at 4 h of
treatment.
In a previous study we evaluated the potential
antimutagenic effect of curcumin on chromosomal
aberrations in Allium cepa L. Root tip cells were
treated with sodium azide at 200 and 300 μg/mL for 3
h and curcumin was administered at 5, 10, and 20
μg/mL for 16 h prior to sodium azide treatment.
Curcumin induced chromosomal aberrations in
Allium cepa L. root tip cells in a non-significant
manner, as compared with the untreated control.
Sodium azide alone induced chromosomal
aberrations in a dose-dependent manner. The number
of aberrations was significantly reduced in root tip
cells pretreated with curcumin (17).

4h

8h

12 h

0.879

0.904

0.970

Discussion
Soudamini et al. (18) reported that some spices
(turmeric) may ameliorate the effects of
environmental mutagens, especially those present in
food. In the present study curcumin exhibited
clastogenic activity in Allium cepa L. root meristem
cells in a dose- and time-dependent manner.
Curcumin has been reported to induce a significant
increase in the frequency of chromosomal aberrations
(CA) in Chinese hamster ovary cells (19). Holy (2002)
(20) reported micronucleus induction in combination
with centrosome immunolabeling in response to
curcumin in MCF-7 cells, indicating that most
micronuclei are centromere positive and caused
significant abnormalities in spindle and centrosome
organization, confirming that curcumin plays a
significant role in spindle disruption, which raises the
possibility that curcumin may promote genetic
instability under some circumstances. Ishidate (21)
observed that curcumin was clastogenic at 30 μg/mL
and Araujo et al. (19) reported that curcumin at 10
μg/mL was clastogenic in mammalian cell culture.
The present results show that curcumin was
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clastogenic at concentrations above 30 μg/mL at 4, 8,
and 12 h of treatment. There were significant
differences at the lowest dose at all time points.
Mukhopadhyay et al. reported a slight increase in the
number of chromosomal aberrations (CA) induced
by cyclophosphamide and mitomycin-c in mice and
bleomycin, and that gamma radiation induced CA in
Chinese hamster ovary cells (22).
Giri et al. (23) observed a significant increase in
sister chromatid exchange (SCE) and a slight increase
in the frequency of CA in mice and rats treated with
curcumin. Antunes (24) also reported the
potentiating effect of curcumin on doxorubicininduced chromosome damage in Chinese hamster
ovary cells. Kelly (25) reported that curcumin not only
failed to prevent single strand DNA breaks by
hydrogen peroxide, but also caused DNA damage.
Curcumin was also reported to cause oxidative
damage in rat hepatocytes and human erythrocytes
(26). Additionally, curcumin did not protect against
DNA strand breaks in human lymphocytes and
gastric mucosal cells (27,28).
Our previous study showed that curcumin (20
μg/mL) had antimutagenic potential against sodium
azide-induced chromosomal aberrations in Allium
cepa L. root meristem cells. In addition, it showed that
there was mild cytotoxicity and lower MI scores in all
the curcumin treated groups (17). Previous studies
that reported the antioxidant curcumin could become
a pro-oxidant agent in accordance with the redox state
of the biological environment may support the
present study’s observation of the clastogenic activity
of curcumin. Cao et al. (29) reported that higher
concentrations of curcumin caused oxidative stress
and DNA damage. Curcumin’s pro-oxidant activity
appears to be mediated by the generation of the
phenoxyl radical of curcumin via the per-oxidase
H2O2 system, which co-oxidizes cellular glutathione
or NADH accompanied by O2 uptake to form reactive
oxygen species (26), and in the presence of some other
metals, such as iron and copper, may have a dual role
in carcinogenesis (30). Galati et al. (26) reported that
the presence of phenol and catechol rings in curcumin
might account for its pro-oxidant activity. Araujo
(19,22,31) reported that the clastogenic action of
curcumin in CHO cells depends on environmental
conditions and can be mediated by hydroxyl radical
150

generation. Salvadori et al. (32) reported that the
presence of scavengers may also negatively affect the
detoxification process and potentiates the action of
xenobiotics. Curcumin is also a free radical scavenger,
which may be another possible reason it is clastogenic.
The reductions in the MI observed in the present
study indicate that curcumin exhibited cytotoxicity
activity in the Allium cepa L. test system. Adams et al.
(33) concluded that the curcumin analogue exhibits
a high degree of toxicity under in vitro conditions.
Kuttan et al. (34) observed its cytotoxic effect in CHO
cells within 30 min at room temperature. The
production of cells with extensive chromosomal
abnormalities after curcumin treatment suggests that
at least some of the cytostatic effect of this
phytochemical is due to its ability to disrupt normal
mitosis (19). Woo et al. (35) reported that curcumin
caused cell damage by inactivating the Akt-related cell
survival pathway and the release of cytochrome C in
mammalian cells.
Based on the data we obtained, aloin was
genotoxic in a dose- and time-dependent manner.
Bosch et al. (36) reported that emodin (aloin without
glucose) exhibited mutagenic activity in the
microsome assay (Ames test). The mutagenicity was
not due to covalent binding with DNA, but was due to
chemically stable oxidized metabolites forming a
physiochemical association with DNA. Humans
exposed to products that contain Aloe vera whole-leaf
extracts may experience increased sensitivity to UV
(37). Anthraquinone-like aloe-emodin, emodin, and
rhein exhibit phototoxicity under in vitro conditions
by generating oxygen species in the presence of UV
(38). The lungs, kidneys, liver, and fore-stomach in
mice were favorably affected by Aloe vera, as it
detoxified reactive metabolites, including chemicals,
carcinogens, and drugs (39).
In the present study we observed significant
genotoxic activity at higher concentrations (50 μg/mL
and 100 μg/mL) based on lower MI scores. Metenawy
et al. (40) and Esmat et al. (41) demonstrated that aloin
has a potential cytotoxic effect on human epithelial-type
breast and ovarian tumor cell lines. Esmat et al. posited
that it exerts its cytotoxicity via catalytic inhibition of
topoisomerase-II. Avila et al. (42) reported that Aloe
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vera gel contains toxic low molecular weight
compounds, which may be why it exhibited genotoxicity
and cytotoxicity in the present study.
We conclude that curcumin and aloin were
clastogenic in a dose- and time-dependent manner,
based on the parameters we analyzed. In contrast, Giri
et al. (23) reported that there was no significant
increase in CA during 9 months of curcumin
treatment, but that at higher concentrations
significant increases in SCEs were observed. Blasiak
et al. (27,28) reported that curcumin did not protect
against DNA strand breaks in human lymphocytes or
gastric mucosal cells. Further cytogenetic studies of
these phytochemicals may provide additional
interesting results.
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